Electric fishes are a diverse group of freshwater organisms with the ability to generate 22 electric organ discharges (EODs) Lys genes, which appears to be unique to the 32 Apteronotidae. Furthermore, phylogenetic relationships supported the traditional monophyly 33 of Gymnotiformes, with the three species positioned within their respective family. In 34 addition, the genus Apteronotus was placed as the basal taxon of the order. Finally, we found 35 high sequence divergence (13.3%) between our B. occidentalis specimen and a sequence 36 previously reported in GenBank, suggesting that the prior mitogenome of B. occidentalis 37 represents a different South American species that was misidentified. Indeed, phylogenetic 38 analyses using Cytochrome b gene across the genus placed the previously reported individual 39 within B. bennetti. Our study provides novel mitogenome resources that will advance our 40 understanding of the diversity and phylogenetic history of Neotropical fishes. 41 42
Introduction 45
Electric fishes (Teleostei, Gymnotiformes) are a highly diverse group of freshwater 46 organisms that originated in South America (Albert, 2001) . One of the defining features of 47 following formulas: AT-skew=(A-T)/(A+T) and GC-skew=(G-C)/(G+C), which allowed us 119 to measure the nucleotide compositional difference between complete mitogenomes (Perna 120 and Kocher, 1995) . 121 122
Phylogenetic analysis 123
We used MAFFT (Katoh and Standley, 2013) to describe phylogenetic relationships 124 among available mitogenomes of Gymnotiformes. For these analyses, we excluded the 125 control region, and used the characiform Astyanax paranae as outgroup (Genbank accession 126 no. KX609386). We tested for the best-fit model based on Akaike Information Criterion 127 (AIC), corrected Akaike Information Criterion (AICc) and Bayesian Information Criterion 128 (BIC), which identified the GTR+I+G model as best-fitting to our data. Bayesian inference 129 (BI) and maximum-likelihood (ML) analysis were performed using the CIPRES Science 130 Gateway v3.3 cluster (Miller et al., 2010) . We performed two independent runs of MrBayes 131 v.3.2.6 (Ronquist et al., 2012) using 8,000,000 Markov Chain Monte Carlo iterations 132 (MCMC), with four simultaneous chains, and sampling every 1000 generations. Support for 133 node and parameter estimates were derived from a majority rule consensus of the last 5,000 134 trees sampled after convergence. In addition, we generated a maximum likelihood phylogeny 135 using RAxML (Stamatakis, 2014) with 1000 bootstrap replicates. 136 137
Genetic divergence in Brachyhypopomus mitogenomes 138
To assess genetic distances among the three Brachyhypopomus mitogenomes, we 139 estimated the proportion of nucleotide differences (uncorrected p-distance; Nei and Kumar, 140 2000) for each protein coding gene separately. Standard errors were calculated using 500 141 bootstrap replicates in MEGA v7 (Kumar et al., 2016) . We also estimated sequence 142 divergence across species of Brachyhypopomus using COI (e.g., the barcoding gene; Hebertet al., 2003) data available in Genbank (Bermingham and Martin, 1998; Picq et al., 2014 13 protein-coding genes (PCGs), as well as a control region (Figure 1 ). They also contained 156 similar gene counts and organization as in other Gymnotiformes (Elbassiouny et al., 2016; 157 Lavoué et al., 2012; Nakatani et al., 2011) . 158
The nucleotide composition showed a strand bias consistent with the strand 159 asymmetry observed in other fishes (Cheng et al. 2012; Hao et al. 2016) . Specifically, the A + 160 T content was 57. 8%, 54.1% and 57.1% for A. rostratus, B. occidentalis and S. dariensis, 161 respectively. The average AT-skew was 0.08, ranging from 0.05 in B. occidentalis to 0.09 in 162 S. dariensis. The average GC-skew was -0.32, ranging from -0.34 in S. dariensis to -0.28 in 163 B. occidentalis. The three mitogenomes also showed the typical structure of other 164
Gymnotiformes (Elbassiouny et al., 2016) . This included the 13 PCGs encompassing ~69% 165 (11440 bp) of the total mitogenome; twelve of which were on the forward strand, while ND6 166 was on the reverse strand. Overall, we found ~3,791 codons, excluding stop codons, that were 167 predicted for codon usage across the three mitogenomes. The start codon in S. dariensis andB. occidentalis was a typical ATN codon, but the start codon in the COI gene was GTG for 169 all three species, which is consistent with other fish mitogenomes (Satoh et al. 2016; Shi et al. 170 2016 
Non-coding regions, intergenic spacers and overlapping 186
We found small intergenic spacers (IGS) ranging in size from 1-60 bp, and totalling 187 58 bp in S. dariensis, 68 bp in B. occidentalis and 134 bp in A. rostratus (Table. 1 ). These 188 IGS regions were mostly similar across species and represent a common feature of 189 Gymnotiformes. One of these spacers, with a size of 29 to 31 bp, represents the origin of L-190 strand replication (OL), and is located between tRNA Asn and tRNA Cys . We also found a large 191 9 (between ATPase8 and ATPase6) and 7 bp (between ND4L and ND4) ( Table 1) . 195
Novel COII/tRNA-Lys intergenic spacer in Apteronotus 197
We uncovered a 60 bp IGS between COII and tRNA Lys in both A. rostratus (from 198 present study) and A. albifrons (from GenBank; AB054132). However, this IGS was not 199 found in any of the other available gymnotiform mitogenomes ( 
